as unique fruit shape, fruit color change, or tree shape (Liu and Wang, 2009) , that are also suitable as edible landscape plants. Using edibles in landscapes can enhance a garden by providing ornamentals with additional health, aesthetic, and economic benefits (Creasy, 2009 ). These ornamental jujube cultivars may not have the best fruit quality or the highest yield, but they can provide more enjoyment than regular jujube cultivars or common ornamental trees.
Cultivar So was imported by Frank N. Meyer in 1914 (accession #37484), who described it as ''a variety of jujube of very gnarled and zigzag growth. The fruits are said to be round, medium size, shining brown-red and of sweet taste'' (Taylor, 1917) . The U.S. Department of Agriculture (USDA) Chico Plant Introduction Station (Chico, CA) did not recommend 'So' in the 1920s (Thomas, 1927) , but 'So' was used for breeding purposes (Ackerman, 1961 ). An open-pollinated seedling of 'So', with flat fruit shaped like a mini donut, was named 'Chico' to commemorate the USDA Chico Plant Introduction Station (Thomson, 1971) . Cultivar Dragon, also called Longzao, was named from its tree shape with twisted branches, while 'Mushroom' and 'Teapot' were named from their fruit shapes (Guo and Shan, 2010; Liu and Wang, 2009 Tree growth and yield data were collected from the cultivar trials at both locations. Tree height, crown width (spread), and uprightness were observed/measured in Mar. 2018. Fruit diameter, length, and yield data were collected in Sept./Oct. 2017. Fruit weight and fruit size were calculated by averaging the measurements of 30 randomly picked fruit. Soluble solids concentration (SSC) was measured from juice extracted out of small pieces of 8-10 fruit with a modified garlic press, y 1 = upright, 2 = more upright than bushy, 3 = more bushy than upright, 4 = bushy.
x Any two means within a column not followed by the same letter are significantly different at P £ 0.05 with Fisher's protected least significant difference procedure. represented normal jujube flowers with five sepals, five petals, and five stamens (S1); flowers of 'Mushroom' had five sepals/petals/stamens, but kept the cupshape even after blooming instead of flat or down curled sepals/petals/stamens like regular jujube cultivars (M1); flowers of 'Dragon' had five to eight sepals/ petals/stamens (D1 and D2); flowers of 'Teapot' had five sepals/petals but with one to five deformed stamens (T1 and T2).
using a temperature-compensated refractometer (PAL-1; Atago, Bellevue, WA). Fruit vitamin C content was measured by 2,6-dichlorophenolindophenol titration (Bessey, 1933) , and titratable acid was determined by titration with 0.01 N sodium hydroxide in 2017 (Huang et al., 2017) . Most characteristics are descriptive rather than quantitative and presented as mean ±SE. Tree height, width, and yield data were analyzed with statistical software Statistix (version 9, Analytical Software, Tallahassee, FL).
Results and discussion
Growing and fruiting habits FLOWER. Flowers of 'So' had five sepals, five petals and five stamens, and their sepals, petals and stamens turned flat or curled downward in the later stage of blooming or after blooming like most other jujube cultivars (Table 1 ; Fig. 1 ) (Yao et al., 2015) . 'Dragon' had relatively larger flowers than others with five to eight sepals and petals, and the sepals were non-uniform in size and shape (Fig.  1 ). 'Mushroom' had cup-shaped flowers with five sepals and petals. Unlike regular jujube cultivars (Yao et al., 2015) , its sepals did not lay flat or turn backward but stayed upright until falling off (Fig. 1) . The relatively small diameter of 'Mushroom' flowers was due to its cup-shaped flowers. 'Teapot' flowers had five sepals and petals with one to five deformed stamens, and the stamen number varied from flower to flower (Fig. 1) . The number of deformed stamens corresponded to the number of protrusions on its fruit (Yao, 2013b) . 'Mushroom' had more flower buds in each node in the middle part of the branchlet than other cultivars (Table 1) . Flowers of 'Mushroom' and 'So' were morning blooming type with sepals of flower buds opening in the morning, while 'Dragon' and 'Teapot' were afternoon blooming type with sepals of flower buds cracking open in the afternoon.
BRANCH AND TREE SHAPE. 'So' had smaller leaves and shorter branchlets than the other three cultivars (Table 1) . Trees were compact and bushy, with many zigzagged branches and side branches (Table 2; Fig. 2 ). With its zigzagged structure, main buds of fruiting spurs in dominant locations popped out as branches. 'So' trees looked decorative during the growing season and in winter, and even more beautiful after snow (Fig. 2) .
For 'Dragon', both branchlets and branches were twisted (Fig. 2) . 'Dragon' leafed out 1-2 weeks later than most cultivars and were the smallest trees among all cultivars tested in New Mexico (Table 2; Fig.  2) . A mature tree of 'Dragon' in China was around 6 ft tall (Fig. 2) .
'Teapot' and 'Mushroom' trees measured 11-12.6 ft at 3 years old, 'So' trees were 7.9-9.4 ft, and 'Dragon' trees were 4.3-4.8 ft (Table 2) . 'So' fruit, fruit on the tree, and 7-year-old tree shape in winter. Row 2: 'Dragon' fruit, 2-year-old tree in winter, and mature tree (mature tree picture was taken in China). Row 3: 'Mushroom' tree and fruit. Row 4: 'Teapot' tree and fruit.
'Mushroom' and 'Teapot' were vigorous and upright trees, while 'So' and 'Dragon' trees were bushy (Table 2; Fig. 2 ). 'So' was the most bushy looking tree and 'Dragon' was the most dwarf tree among all 45 cultivars tested at Alcalde and Los Lunas (data not shown).
'So' was imported from China, but was not currently listed in Chinese jujube literature (Guo and Shan, 2010; Liu and Wang, 2009 ). There were two gnarled and zigzagged cultivars in Chinese literature: 'Longzao' ('Dragon') and 'Dali Longzao'. 'Dali Longzao' has a different fruit shape and size compared with 'Longzao' (Liu and Wang, 2009 ). Both branches and branchlets of 'Dragon' and 'Dali Longzao' could have straight sections, but they also had hairpin structures or twisted ring structures that make the branches turn 180°or more. The branch pattern of 'So' was regularly zigzagged, with rare hairpin structure which can be used to identify 'So' and 'Dragon'.
FRUIT. 'So' had round fruit with two general weight and size categories. Larger fruit had an average weight of 11 g with seeds, while the smaller ones averaged around 5 g without seeds (Table 3 ). The larger fruit of 'So' were heavier than 'Mushroom', but on average 'Mushroom' fruit were larger than 'So', followed by 'Teapot', and the smallest were the fruit of 'Dragon' (Table 3 ; Fig. 2) . 'Dragon' produced small, columnarshaped fruit weighing 7.5 g on average (Table 3) . 'Mushroom' had uniform and decorative buttonmushroom-shaped fruit (Table 3 ; Fig. 2) . 'Mushroom' kept its fruit shape after drying, and could be used as a dry ornamental together with other dry flowers/plants. The typical fruit of 'Teapot' were miniature teapot-shaped (Fig. 2) , but fruit could have zero to five protrusions with various shapes and sizes, and teapotshaped fruit were just a small proportion of all fruit. Yao (2013b) discussed the detailed fruit development of 'Teapot'. Fruit of 'Teapot' matured later than 'So', 'Mushroom', and 'Dragon'.
Fruit quality and productivity
'Teapot' yielded higher than 'So' and 'Dragon' at Alcalde, while at Los Lunas, 'So', 'Mushroom' and 'Teapot' produced similar yield, all higher than 'Dragon' (Table 3) . 'Dragon' was the least productive cultivar in both locations. At Alcalde, 3-year-old 'Teapot' trees produced an average yield of 10.0 lb/tree, with a maximum of 14.3 lb/tree; 'Mushroom' fruit yield averaged 8.0 lb/tree, with a maximum of 10.9 lb/tree; and 'So' yielded an average of 3.8 lb/tree, with a maximum of 8.6 lb/tree (Table 3). 'Dragon' was a miniature tree with less than 0.3 lb/tree of fruit at Alcalde in 2017. 'So' yielded more at Los Lunas than at Alcalde while other cultivars yielded less at Los Lunas than at Alcalde, which could be related to water stress from mid-August to mid-September due to a broken main irrigation pipeline at Los Lunas in 2017. The higher yield of 'So' at Los Lunas could also be partially due to its bushy growing habits with more branches than other cultivars.
The SSC contents varied from 29% to 32% depending on cultivar and location (Table 3) . Normally, fruit from Los Lunas had higher SSC than fruit from Alcalde for almost all cultivars, which was possibly due to a longer growing season at Los Lunas than Alcalde (Huang et al., 2017) and we noticed similar trends in these ornamental cultivars (Table  3 ). The fruit vitamin C contents ranged from 313 to 436 mg/100 g FW (Table 3) . 'So' and 'Dragon' had higher titratable acid contents than 'Mushroom' and 'Teapot', and also higher than popular cultivars Li and Lang (data not shown).
Among these four ornamental cultivars, 'So' had better sweet/tart and juicy fruit than others, while 'Mushroom' had the most decorative fruit both fresh and dried. Fruit of 'So' was good for both fresh eating and drying. Fruit of 'Teapot' was sweet and matured later in the season than others.
Potential as edible landscape plants
Jujubes are drought-tolerant plants when they are mature. They also have small, shiny leaves without many known pests or diseases in the southwestern United States (Yao, 2013a) . They have a 2-month blooming period that attracts many insects, and function as a sanctuary for beneficial insects (Grasswitz and Yao, 2017; Yao, 2018) . All jujube cultivars can be used as edible landscape plants in landscaping or backyards, but the four presented here are more decorative than common jujube cultivars.
With shiny green leaves and green fruit during the growing season, red fruit and yellow leaves in the fall, and gnarled and zigzagged branches/branchlets, both 'So' and 'Dragon' are good backyard trees and excellent landscape plants with edible and nutritious fruit. If there is tall Table 3 . Three-year-old ornamental jujube tree yield and fruit quality data in cultivar trials at Alcalde, NM (AL) and Los Lunas, NM (LL). For fruit size and fruit weight (n = 30). Soluble solids content (SSC) and vitamin C content are for reference only. There were not enough 'Dragon' fruit for fruit weight, fruit size and SSC measurement at LL in 2017.
x Any two means within a column not followed by the same letter are significantly different at P £ 0.05 with Fisher's protected least significant difference procedure.
w
The small fruit of 'So' were only used for fruit weight, fruit size and SSC measurement. For yield data, all fruit were counted; for vitamin C measurement, the sample was randomly-picked from both large and small fruit. space in the landscape, 'Mushroom' is recommended; 'So', with its compact stature compared with 'Mushroom', is recommended for not very tall but wide spaces, while 'Dragon' is a dwarf type suitable for small spaces. All can provide edible fruit. Depending on a customer's preference and space, they can choose suitable cultivars accordingly.
Ornamental jujube cultivars are low-maintenance plants with minimal winter pruning and growing season fertilization and watering. 'Teapot' and 'Mushroom' provide three seasons of decoration, while 'So' and 'Dragon' can be used as year-round ornamentals. We do want to point out that all jujube trees have thorns, especially newly planted young trees, but become less thorny after 3-5 years. Growers should be cautious when handling jujube trees.
